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NATIr.:;4L ADVISORY COMMITTEE FOR A3HONAUTIC3 

ADVANCE CONFIDENTIAL REPORT 

COMPARISON 0? PITCHING MOMENTS PRODUCED BY PLAIN  «'LAPS  AKD 

BY SPOILERS   WD SOME  AJttQÜYNAMIC CHARACTERISTICS 

OF  ATT  ÜACA 2JG12 AIHFOIL ü'ITH 

VARIOUS TSTPiSS  OP  All SRON 

EJy Paul S.   purser and Elizabeth 0.  McKinney 

SOMMARY 

An  analysis  and  comparison ha;.; been n.sdo of  the 
piiehing-moment characteristics  of  airfoils  with pleln 
flars  and spoilers.     Ae.-o dynamic section  characteristics 
of  an ."AC A 27>012  airfoil having a retracted slotted flap 
with a pl^in,   n slot-lip,   end a retractable  Rileron  nre 
also prosent3d fop a lci-^e rw.ife of aileron deflections« 

The  analysis  indicated thpt  the pitching moments 
produced by spoilers were leas positive  then those pro- 
duced by plein flaps  of eqosl effectiveness.     The  data 
from two isolated  c^ses   indic«ted  that  the pitching 
mottents  crested b/ the  spoiler increesed les3 with Ksch 
numbtr  thrn  the   Ditching moments   iroducod by  the plain 
fla^.     The  positive  values  of  the  pitching moments  produced 
by both the  plain flrps   and the  spoilers  decreased  as 
the devices were  located nearer the  airfoil laaciir.,3 edge. 

INTRODUCTION 

The NACA has  undertaken  a brief   investigation of  the 
pitching-rcoment  characteristics  caused by various  laterel- 
control devices  for  application to wintr-tv.'ist problems  in 
high-speed flight.     PI tohing-rrioment dstr  for  pleiri-flep 
controls have  been published previously  (tee references  1 
t-i for example)   and some  date for spoiler-type  controls 
have   been published in referances   5  to  "{.     The  effects  of 
tr"ilinT-edg3 modif?crtiona  on  the pitchlng-morcent 
Characteristics  of  rirfoils   with plain flaps  hrve  b.":en 
discussed In  reference 3. 
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Tests  In two-direensional flow of  en NACA 23012 airfoil 
with  a plöin  aileron  end with two spoiler-tyae  eilerons 
(a slot-lip  and  a retracteble  aileron)  were reported in 
reference 9t   out  the pitching-moment data ware not presented. 
The present report gives  the section pitching-moment 
characteristics  snd other saction data for these  three 
arrangements.     A brief  analysis  is  also included of various 
date on the pitchlng-moment characteristics  of airfoils 
with plain flops  snd with spoilsra. 

COEFFICIENTS  AND SYMB0L3 

\ 

The  coefficients   end  the symbols  used herein  are 
defined  as  follows: 

c7. 

C^o 

°m 

cha 

where 

I 

an 

n 

hi 

; 

0 

c, 

airfoil section  lift coefficient  (l/qc) 

airfoil section profile-drag coefficient  (dc/qc) 

airfoil section pitching-iaorr^ent  coefficient  about 
quarter-chord point of «irfoil  (m/qc^) 

aileron  section Lin?e-moment coefficient  (ha/qca
2) 

airfoil section  lift 

airfoil section profile  drag 

sirfoil  section  pitching moment  about  quarter- 
chord Doint 

aileron sactien hin^e iiiomant 

dynemic pressure ( ^pV j 

chord of basic airfoil with fl# neutral 

chord of eileron 

C"^FTD3IvTlAL 
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velocity of fr3e stream 

mass  density of  air 

angle  of  attack for  airfoil cf  infinite  aspect 
ratio,   degrees 

aileron deflection,   degrees;  positive when 
trailing edge moves  down 

slotted-fiap deflection,  decrees;  positive when 
trniliner, edsre moves  down 

chord of.spoiler or retractable  aileron 

orojection from nirfoil surfece  of sooiler or 
retractable  aileron 

x distance  fron:  airfoil leading edpa  to fleo hinge 
line or to outer edge of spoiler 

{T^2-1      rate  of change  of pitching-moment coefficient with 
V<6 /ci control deflection  at constant lift 

[_-£\       rate  of change  of anflo  of  attack with control 
V-6 /cj deflection  Rt cons tent lift 

-x^\     »ate of chsnpe of oitchlnsr-monei t coefficient 
>    o/cj,        with effective  angle of  attach: at constsnt  lift 

/fen/as) cA 

V 

I 

and 

Da 

°a 

(: 

' (b-o/^oj 

V Mach number  (v/a) 

a      velocity of round in free stroerr. 
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APPARATUS,   MODSL,   APD T3STS 

V 

The apparatus, model,   snd 
reference 9«     In brief,   the  5" 
to to.e KACA 23G12  airfoil orofi 
the  Lsngley 7- by 10-foot tunr.e 
completely spanned the  test sec 
at a dynamic pressure of  16.37 
which corresponds to  a velocity 
and to a  tsst Reynolds number o 
on   the  chord of the bisic  airfo 
number  (for maximum lift coeffi 
based on a turbulence factor of 
10-foot tunnel. 

tests  are  described in 
by 7-foot model wee  built 
le   £Jid,  v.hen mounted in 
1  (described In reference  3), 
tion.    The  tests were made 
pounds per squere foot, 
of about SO miles per hour 

f about 2.19 x  10u,   based 
11.     The effective  Reynolds 
cients)  was  about  5-5 *  10»f 
1.6 for the Lengley 7- by 

The  airfoil profile,   the  slot  end flap dimensions, 
end the  arrangements  of the plain-flap and spoiler-type 
ailerons  sre given in  figure  1.    The  chords of the pl"in 
and slot-lip ailerons and the chord of the retractable 
aileron  in  its  most  extondad position were   10 par-cent of 
the  basic   airfoil chord.     Tht  slott'-d-ri&p  inttellrtion . 
w«'s  that designated 2-h in reference  3-     All test?  poport-ad 
herein were r.;edy with the.  slotted fls,)  retracted  (6j- = 0°). 

METHODS  OP  ASALYS13 

The primary  eerodynemio factor contributing to wing 
t«»ist during rolling in hlc;h-speöd flight is the p] tching 
moment produced by  the  lateral-control device.     For normal 
win^s  end  ailerons,   the pitching moment -produced by 
aileron deflection  twists  the wing in such a way thpt the 
lift induced by  the  twist  opposes   the  lift  induced by  the 
aileron deflection  rnd thus effectively reduces  the lateral 
control  available.     Thu pitching moir-snt   (or the wing twist) 
produced by a  given  allsron deflection  increases   npprox- 
imately  es   the  square  of  the  spood  end rt some  point  the 
lift induoad by the wing twist balances the  lift inducod 
by the  aileron deflection  «.rid the  airplane does not roll 
when   the  ailerons   «ro deflected.    The speed r.t which thu 
Intersi control becomes  fcero  ie  known  as  the rsversal 
speed. 

In order- to  judge   the •"&!?'Live merits  of various 
lateral-control devices with respect to win? twist,   tne 
pitching-moment characteristics must be  coitio^red on  thi 

CONFIDENTIAL 
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basis  of equal effectiveness.     The  pitching-moment 
paremeter used should therefore  be based on  the  chenge 
in rolling moment,   lift,  or effective  angle of  attscst 
nroduced by the  aileron  rather than on the  aileron 

deflection or spoiler projection. .  The slope   i j— ) 
\öao/cj 

was  therefore used to compare  sll the  plsin flaps  end 
spoilers  on  en    equal-effectiveness  bi3is,   since  this 
oaremater indlcatas  the  chenge  in pitching-moment  coef- 
ficient    resulting from  E. unit change in the  effective 
angle  of  attack of the  nortlon of the wing covered by the 
aileron. 

The slone  of the  pltchlng-moment-eoefficient curve 
wns  taken  at  constant  lift  (c, •   0.1)  because,  when  the 
airplane is rolled by the  ailerons,   the  aileron  section 
of the wing operates   at nearly constant lift.     Although 
s^oilsr-type  eilerons,   since  they are  used on  only one 
wing at  e  time,   operate  farther froir conditions of constant 
lift than  the plain-flap  silsrons,   the parameter at 
constant lift Is  si-ill believed to be more neErly repre- 
sentative of actual conditions   than a parameter  at constant 
angle  of at took. 

A logical  abclssa  agtlnst which to plot 

for plain flaps  would  be the  flap chord but,  v;hen spoiler 
data must  also be presented on   s con.parable  basis,  such 
an abcissR is no longer logicel because spoiler chord 
(or projection)  is   nnelogou3  to flar  deflection rather 
than to flan chord.    The date were  therefore plotted 
against  the  cbordwlse  Location of the plain-flap hinge 
line or of the  outer edge of the  apoiler.    For devices 
such a3" the  slot-lip   ailerons,  which were  considered to 
be  spoilers,   the  location used was   the  nverage  location 
of the  aileron trailing edge over the  deflection range 
considered. 

All the  finite-span dats   (references   5  and 6)  were 
converted to section characteristics by use of refer- 
ences   10  end 11.     The  VPIUJS  of aspect ratio used with 
the charts  of reference  10 in comnuting section character- 
istics fro*  the  data of reference b were  corrected for Mach 
number effects  by the method of rsferance  12.     At each 
value  of Wach number,   the  geometric  aspect rstio w^s 

multiplied by the factor    vl - K^.    Thli; procedure glvss 
an effective reduction in  aspect ratio as   the Mach number 
is  incrarsed. 

CONFIDENTIAL 
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RSS!,T1TS   AMD DISCusS/ON 
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Testdeta.- The  aerodynamic  section characteristics 
of  an  i;ACA üjöl«:  airfoil h^vln>|  a retrrctod slotted flap 
with  e plain,   a slot-lip,   and  a retractable  eilnron  are 
presented in  figure 2.     The  lift 6nd dreg (or roiJlng- 
moment  tna' yewinp-aiomer.t)  characteristics   end the hinge- 
niOniant characteristics have bean  am.jJ.y discussed In refer- 
ence $.     The  oitchin^-ir.omant datt presented in figure  2, 
together with other published ana unpublished  data for 
toech numbers  uo to  about O.J,  have  been summarized  and are 
presented in figure ?. 

Pitching moments  produced by pl-ln firns.- The 
experimental  d9CF  ori  the pitcuir.;- moments  produced by 
plain flaps  shown  in figure 3   agree very weil with values 
computed from G.Tauert's   thin-airfoil  theory  (refereucss  1 
and 2)  both in r.ernitude  and  in variation with    x/c. 
These dete indicate  thct,  for equal changes   In effective 
ancle  of  attee'rt  (equal rolling momenta),  wide-cord fisos 
prod'iced smeller pitchirg moments tnan narrcw-chord flaps 
aid,   ccnsaquantly,   that   thu  uso  of wide-c'.iora fipos  wouid 
allow tbe   Btts^rTüent  of higher  valueJ  of  the  r-JVörsal 
£s>e3d.    The use  of widc-chora flans, however,   will  be 
limltad by wrether their 'ilnge moments  can be well enoufh 
balanced to Produce  reasonable vuluas  of stlcit fores. 

It  should  be not~d   that  thj  data  of reference  0 
indicate   thet   th^  pitching moments  ^roducdd by olsin 
flaps may be r-jducod by increasing  tne  ai.gla bütivean  the 
uopsr er.i lowir ourfact-s  of thi flep  st thu  trailing edge, 

Pitching  moments  produced by 
"thi~oitc.n 1777" 

lv smooth 
"mom3E Es""pr oduoa d by expernMnTTax aat«   on 

spoilers forn   a relativ 
indicate   chst,   for equrl effectiveness,   the spoiler 
located nearest  tha   sirioil  iiS'int   sipfc   jroducus   the 

smelleat  positive  values  of 1-1^2;    . 

located ehiäfd of about C.^e, th& wing 
augmjnt rethör than roduca the rolling 
The  use  of  spoilers   loctted so near th 

curvu   (fig.   3)   and 

with a i-)oii<sr 

twist .-right 
effectiveness, 
.tirfoil leading 

odgs,  however,   is not r=e^mner.ded fines meny oravious 
wind-tunnel   end flight investigations  l.<ve  indicated that 
Lhu tendencies   toward  lng  and  erratic  action increase  us 
the SDoilor is   olf-cid nearsr tha   < i rf ol1  loading ed._:3. 

COKFIDEFTI AL 
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The  locutions of  the  eooiler installations  found acceptable 
have  varied from about O.oOc  to  about 0.G50, 

CO'T.:.) prison of  ''Itching moments  produced by Plain  fl?ps 
and spoilers.- The "3eta presented In figure  J indlcete 
that  tne pitching moments  produced by oirin flaps  and 
spoilers have  about equal variations  with flao or sooiier 

chordwiae  location and thrt the  values  of \SaoJe are 

lass positive for the  sooilers  than for the  plain flaos. 
When  a eoi:.)srison is mnde  at chcrdwise locations .lormally 
used -  that  Is,   0.7Cc  to 0.75c ?0:? »toilers   and 0.30c  to 
0.85c for plain fls^s,   the  Pitching moments  produced by 
sooilers  ere  about one-half or less of the  pitching 
moments   produced by olain flaps  of the  same  effectiveness. 

Wach number effects.- Data on  the effects  of Mach 
number on  the  oitohir.g moments oroduced by control 
surfaces  are  relatively scarce.     A comparison is   presented 
in figure i|.,  however,   of the effects  of !.iach number on 
the Ditching moments produced by a spoiler aileron on the 
wing of reference 6  and on  the  pitchi-g menents produced 
by ä plain flap on  an I.'ACA 66,1-115  airfoil  tested in  the 
Langley 3-foot high-speed tunnel.    The  pitching moments 
produced by  the  plain  flap,   in  adiition  to being iarg3r 
than those  iroduced by the  spoiler,   al3c increase with 
Msch number  at a rate  greater thai, tnat indicated by the 
Glauert-Prendtl factor      -?---=*==«•   The oitching moments vr -2 
produced by the snoiler,   however,   increase  at  e rate 

slightly less  than  that indicated by       -^==.^:=-      over 
VI - V? 

most of th'3  ?'ach number range  tested.     Although the  data 
shewn in figure i\. are not strictly comparable  end  are 
for two isolated CPE.JP,   there  appears  to ba  a oo9sibility 
thet M°ch number affects may be  smaller on pitching 
moments  produced by spoilers  than on pitching moments 
•iroduced by rlaln flaps. 

CONCLUSIONS 

An analysis of date on the pitohing-moment character- 
istics of airfoils with plain flaos end sooiidr3 indicated 
the following,  conclusions: 

CONFIDENTIAL 



\ 

CO'IFTDENTIAI  NACA ACH No. Uj,Ga\.& 

1. The pitching ironwnts produced by spoilers were 
less positive than those ;->roduced by rlain flaps of equal 
effectiveness. 

2. The positive values oC  the pitching moments 
produced by both the plain flaps aid the spoilers decreased 
rs the devices were located nearer the eirfoil leading edge. 

J.  The datp from two isolated esses indicated that 
an increase in Koch number caused less increase in the 
pitching moments produced by the spoiler thrn in those 
produced by the plain flan. 

V 
Langley Memorial  Aeronautical  Laboratory 

Nbtional   Advisory Committee  for  Aeronautics 
Lsngley Field,   V?. 
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<P       I 
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Plain  aileron 

.7270c 

5/ot-lip aileron 

|. 

.6307c 
locus of aileron 

10c upper Qid lower 
edges 
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Retractable aileron nmm. «msn 
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Figure!.- TheA/ACA £3013  crirfoit   with   Various 
types   of  ai/eron and with a  slotted flap. 
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